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Tests conducted Oct. 5, 2006

12-story brick and steel apartment building
•apartments on floors 2 and 7
• detailed measurements in hallways on 
floors 2 and 7

Work in support of COPS/SAFECOM network 
simulation studies, through NIST OLES FY06

NIST Building Penetration Measurements



Horizon West LayoutHorizon West Layout
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System Originally used for Airframe System Originally used for Airframe 
Penetration StudiesPenetration Studies……
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Test Set-up: Outside





NIST/ITS Interagency NIST/ITS Interagency 
Cooperation..Cooperation..

Are we truly down in the dumpster?



Test Set-up: Inside



LowLow--Freq Freq DisconeDiscone



Signal Processing SequenceSignal Processing Sequence

Acquire magnitude/phase data as a function of stepped Acquire magnitude/phase data as a function of stepped 
frequencies (as many as 48,000 frequencies)frequencies (as many as 48,000 frequencies)
Two sets of measurements performed:Two sets of measurements performed:
100 MHz100 MHz--1.5 GHz1.5 GHz——disconediscone antennasantennas
700 MHz700 MHz--18 GHz18 GHz——antenna issues above 14 GHzantenna issues above 14 GHz
DRH (DRH (TxTx) & ) & DisconeDiscone (Rx)(Rx)

Filter, transform, gate dataFilter, transform, gate data
High resolution timeHigh resolution time--domain waveformsdomain waveforms——can be used to can be used to 
identify direct path & reflected componentsidentify direct path & reflected components
Waveforms can be gated to isolate desired scattering Waveforms can be gated to isolate desired scattering 
eventsevents
Building penetration can be compared with antennaBuilding penetration can be compared with antenna--toto--
antenna references (mathematically corrected) to yield antenna references (mathematically corrected) to yield 
excess path lossexcess path loss



Signal Processing Sequence contSignal Processing Sequence cont’’dd……
Stepped-Frequency Data
S12 (magnitude & phase)

High-Pass Filter to
Condition Signal

Low-Pass Filter to
Reduce Gibbs Ringing

Inverse Fourier Transform

Time Gate

Remove Filter Conditioning for Fourier Transform

Fourier Transform

S12 {gated} 
(magnitude & phase)

Stepped-Frequency Data
S12 (magnitude & phase)
Stepped-Frequency Data
S12 (magnitude & phase)

High-Pass Filter to
Condition Signal

High-Pass Filter to
Condition Signal

Low-Pass Filter to
Reduce Gibbs Ringing

Low-Pass Filter to
Reduce Gibbs Ringing

Inverse Fourier TransformInverse Fourier Transform

Time GateTime Gate

Remove Filter Conditioning for Fourier TransformRemove Filter Conditioning for Fourier Transform

Fourier TransformFourier Transform

S12 {gated} 
(magnitude & phase)

S12 {gated} 
(magnitude & phase)



Building Penetration Metric Step 1Building Penetration Metric Step 1—— 
FreeFree--Space (Space (fsfs) Reference) Reference

tx rx

tx rx2m

50-60m typical

Use 1/r mathematical correction

Correct to estimated antenna separation…



Building Penetration Metric Step 2Building Penetration Metric Step 2—— 
rxrx Antenna inside the BuildingAntenna inside the Building

tx rx50-60m typical

Building



Compute Building Penetration Step 3 Compute Building Penetration Step 3 
(post processing):(post processing):

Building Penetration Metric 

We compare transmission into a building with a corrected 
“free-space” reference…

This metric is the negative of excess path loss…

|S21_gated(corrected fs reference)|
|S21_gated(building)|20 Log10 ( )BP (dB) =



There are other benefits from this There are other benefits from this 
ratio as wellratio as well……

S21_gated(building) / S21_gated(corrected fs reference)

• Antenna effects cancel out in this ratio
• Spectral flattening
• “Sharper” waveform characteristics

• Higher range resolution
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Remove Antenna Responses via Remove Antenna Responses via DeconvolutionDeconvolution 
= better range resolution!= better range resolution! 
exploits system bandwidthexploits system bandwidth

Gated Antenna-to-Antenna
Approx 5ns duration

Deconvolved Result
Approx 0.2ns duration

S21_gated(building)
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143’ Separation

Deconvolved Result

Remove Antenna Responses via Remove Antenna Responses via DeconvolutionDeconvolution 
= better range resolution!= better range resolution! 

Separable direct coupling@ position ASeparable direct coupling@ position A

IFT{S21_gated(building)}



Typical resultsTypical results……
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Floor 7, Station 8 Waveform-After post-processing 
VNA data (deconvolved)

Full Waveform Early Time
150 160 170 180 190 200

Time (ns)

-0.006

-0.004

-0.002

0

0.002

0.004

0.006

R
ec

ei
ve

d 
Si

gn
al



Horizons West Penetration Results
Time-Domain Waveforms…
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Horizons West Penetration Results
Frequency-Domain Results…
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Floor 7, Station 8 Building Penetration
After post-processing VNA data (reference & Penetration)
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Horizons West Penetration ResultsHorizons West Penetration Results 
Frequency Averaged ResultsFrequency Averaged Results

Examine systematic shifts in penetrationExamine systematic shifts in penetration
Frequency dependenceFrequency dependence
Location dependenceLocation dependence
Larger bandwidth used to examine global Larger bandwidth used to examine global 
effects & trendseffects & trends
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ConclusionsConclusions

NIST VNA based system looks promising for NIST VNA based system looks promising for 
short range UWB propagation measurementsshort range UWB propagation measurements
High resolution td waveforms useful for channel High resolution td waveforms useful for channel 
modelingmodeling
Useful freq domain parametersUseful freq domain parameters……excess path excess path 
loss, effects of shadowing, loss, effects of shadowing, multipathmultipath, etc., etc.
Geeky fun!Geeky fun!



Next StepsNext Steps

LowLow--frequency data processingfrequency data processing……need need 
antenna calantenna cal……waiting for good waiting for good wxwx
System Improvements & OptimizationSystem Improvements & Optimization
Oil Refinery MeasurementsOil Refinery Measurements
Tunnel Measurements Tunnel Measurements 
More tests at NISTMore tests at NIST……
Clearly a lot more Clearly a lot more ““geekygeeky”” fun!fun!



Thanks toThanks to……

NIST teamNIST team
ITS folksITS folks
The goodThe good--natured folks at the Horizons natured folks at the Horizons 
West ApartmentsWest Apartments
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